Introduction
Finger millet is an important staple food crop of southern Karnataka predominantly grown under dry land conditions in light soils with low input, traditionally in cereal based farming systems during monsoon season. Significant yield improvement was achieved over the years, through exploitation of genetic variability for specific traits, such as blast resistance in addition to agronomic manipulations. Presently finger millet occupies an area of 1.2 mha with a production of 2.0 mt in India (Malhotra, 2018) . However there is a decreasing trend in area but with an increased productivity (Anon, 2011) and stagnated grain yield (Swetha, 2011) , to break this barrier, an approach of physiological traits associated with grain yield would be highly relevant. Breeding efforts have shown yield improvement of rice and wheat through improved HI, while, in maize through biomass (Richards, 2000) . Hence, to break the yield plateau in finger millet, identification of accessions for traits associated with high biomass and its efficient partitioning and; incorporation of such traits in breeding programmes would be highly effective (Shankar et al., 1990) . The present investigation examines the relevance of LAI and net assimilation rate (DM/LAD) towards biomass production and grain yield besides identifying superior finger millet accessions for these traits. Leaf area and biomass at flowering and; yield attributes at harvest were recorded. The total dry matter/ leaf area duration up to flowering (DM/LAD), as a measure of assimilation rate was computed and expressed as g m -2 day -1 . Extent of contribution of LAI and DM/LAD towards dry matter production was computed using standard partial regression co-efficient arrived through multiple regression analysis. The data was analyzed using MSTAT-C programme and correlations among the parameters were computed.
Materials and Methods

Field
Results and Discussion
Wide genotypic variability was observed for yield, yield attributes and physiological traits viz., LAI, assimilation rate (DM/LAD), biomass etc. (Table 1) . A similar large variation for these parameters among 400 finger millet germplasm lines was reported by Shankar et al., (1990) and in another study by Aparna and Ansari (2017) wherein maximum LAI accumulation was observed at 45 DAS. These variations provide an opportunity for selection of trait specific accessions associated with high grain yield ( Table 2) .
Under adequate input conditions, the crop productivity will be determined primarily by the average canopy cover (LAI), net assimilation rate (DM/LAD) and the crop duration. In the present study, grain yield of mid-duration genotypes was distinctly high (321.9 gm -2 ) compared long duration (245.4 g) or short (253.4 g) accessions (Table 1) and; the relationship between duration and grain yield is also not positive (r= -0.21, Table 4 ). These results are in contrast to the expected direct relationship between duration and grain yield (Bedis et al., 2006) , because, the long duration genotypes were caught up with dry spell for 27 days during critical stages viz., flag leaf, ear emergence and 50 % flowering. During these critical stages, the long duration accession received only 60.1 mm with 5 rainy days compared to 143.9 mm with 10 rainy days for medium duration accessions (Table  3) . Further, long duration accessions coincided with higher soil temperature of 27.3 to 30.2 0 C at 10cm depth compared to 26.2 to 27.9 0 C for medium duration types. Hence, the medium duration varieties are better options in the changing climate scenario with more number or long duration of intermittent moisture stress situations during kharif seasons.
Correlation analysis (Table 4) among various physiological and yield attributing traits is very pertinent to establish selection criteria for yield improvement. In physiological terms grain yield is the product of above ground biomass and partitioning of biomass to ear (HI). Among these two, the biomass was strongly correlated to grain yield (r=0.87**) as compared to the HI (r=0.52**) ( Table 4) . The multiple regression analysis also showed that the contribution of biomass towards grain yield was more (59 %) compared to the HI (41 %). Further, the biomass at harvest and; grain yield are also positively related to yield components viz., ear number (r=0.32, 0.30), ear weight (r=0.90**, 0.95**) and test weight (r=0.45**, 0.69**). Similar correlations in finger millet have been reported by Udayakumar et al., (1986) , Sharathbabu et al., (2008) , Nandini et al., (2010) and Wolie and Dessalegn (2011) .
The HI showed positive relationship with ear weight (r=0.38*), threshing percent (r=0.63**) and test weight (r=0.66**) and not related to LAI (r= -0.06). This indicates that the increase in these yield attributing traits would result in higher grain yield through significant increase in HI. However increase in HI alone may reduce the biomass investment in leaves and other vegetative structures, loosing total biomass production as evidenced in Cv. GPU-67 (Swetha, 2011) . Therefore it is appropriate to focus on ways and means to increase the biomass by maintaining at higher HI values in finger millet.
The biomass accumulation is determined by both current photosynthates and remobilization of carbohydrates of the stem to ear during reproductive phase. The current photosynthates in turn depend on functional leaf area (LAD), while the remobilization depends upon the biomass available at the time of flowering when the sink is not a limitation. The biomass production by flowering stage in turn depends on light interception which can be manipulated by the LAI, LAD and leaf angle. However, in finger millet the LAI (2.5) is still low (Uma 1987) , but has positive and significant correlation with grain yield and biomass (r= 0.32, 0.41**, Table 4 , Kumar et al., 2006 and Sharathbabu et al., 2008) . Hence, it appears that LAI is most limiting factor for productivity when net assimilation rate is not a limitation. Further, the leaf area especially with broad leaf is highly inheritable (Richards et al., 2001 ) and can also be manipulated easily through agronomic approaches such as plant population (Roy et al., 2002) , growth regulators (Sujatha and Rao, 2003) , nutrition (Khalak and Kumaraswamy, 1994) and weed management (Kumara et al., 2007) . Therefore selection of high LAI would result in increased biomass and grain yield of finger millet to break the yield plateau.
The other component of biomass determination, DM/LAD, a measure of net assimilation rate, is poorly related (r=0.20 NS, Table 4 ), probably finger millet being a C 4 NAD-ME species (Siebke et al., 2003) maintain relatively higher photosynthetic rate and has better photosynthates translocation due to dense minor longitudinal veins (Ueno et al., 2006) . These results although suggest that, assimilation rate may not constrain the productivity in finger millet, the short duration accessions possess distinctly higher DM/LAD with lower LAI values, hence, these two traits may compensate each other, thus possibilities of breeding for higher NAR cannot be precluded.
Hence of the two parameters, the contribution of LAI towards biomass production is relatively high compared to net assimilation rate / photosynthetic rate as also reported by Vishwanath (2005) and Subrahmanyam (2000) .
Further, the LAI was reported to have positive relationship with seed yield (Veeraputhiran et al., 2009; John and Kumar, 2018) , but not the single plant leaf area or flag leaf area (Narayan et al., 2018) . In the present study also the contribution of LAI towards biomass production at flowering and crop maturity is 69.3 and 65.2 % respectively compared to DM/LAD of 30.7 and 34.8 percent respectively. Therefore, an increase in LAI would lead to increased biomass and grain yield especially in medium duration varieties in the changing climate scenario. The accessions GE-1034, GE-4222 (short duration), GE-1013, GE-619 (medium duration) and GE-4248 (long duration) possessing high leaf area with moderate to high assimilation rates would serve as donors in breeding programmes, possibly to break yield plateau of finger millet.
